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(54) DISCHARGE DEVICE. PLASMA TREATMENT METHOD AND SOLAR CELL 

(57)Abstract: ^ _ , 

PROBLEM TO BE SOLVED: To provide novel antenna 
structure and power supply method for causing 
generation of a standing wave to substantially disappear, 
to provide a discharge device having high plasma 
evenness, a plasma treatment method of a large-surface 
substrate and a solar cell having high productivity. 
SOLUTION: A plurality of U-shaped antenna elements, 
both ends of which are used as a power supply end and 
an earth end. respectively, are arranged with equal .i^, 
intervals on a plane in such a manner that the earth end 
and the power supply end alternate to construct an 
array antenna, a phase is changed 180° in order from 
the end of the power supply end to supply AC power of 
the same frequency at a time, the length of a linear 
conductor is determined at the frequency of 10 MHz-2 
GHz in such a manner that the ratio of a reflected wave '^^ 
measured at the power supply end to a progressive wave 
measured at the power supply end is 0.1 or lower. When 
a is regarded as a subtrahend constant, the length La 
(m) of the linear conductor is controlled to 0.5(1/a)<La<10(1/a). 
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[0004]C:cOJ:d tc;W¥^<7)7-7Xv3!!iaga 

x'ii. —:>cr>mmmzML—mt-^^y'yX'7mmi^^ 
;itit)<x'^^\,\ :i(otii!f:>m-mmM\^x'-mizmm!: 
m^nd^ut. 9mmmz--:><D^mmMm^um: 

^n^mmMm<oimiz^ommj^*m\st^j:'>x . m 
Wimmzmt^,^. ^^iz. ztuzm^bx. ^nw-m. 
mtscmmmm<r>xj^^w-^x\>^t. mtifTyx-^c 
vDmizxy):ffyxmm±iz^mind^. n^^f^ 
izmx-^iifzm-m'xt^y'y X'7^<7)n,'f'izx 
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{4, ^^i^mMnmxM. m-'mm.(riryX'?^mm- 

[000 6] r7Xv«tjt^;^^::iXA*^^»«S 
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iff JK^iora®*^®:: ^ .1 1 < , L*^i,i«q°q®JKiO^ 
^^tc^rf IJ^: V H F Srffiv %TSV X-7 

^'S^^^T^ hmm^-^m.er>yyx-7c v d^?:^^ 
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'^oTy'r-tcomm^mi*i±i:^tihmm.(o^^^if 

com^i-i^^m^^^mizm^LxmBMLfztiK WMm 

l,zmi^j:Ty'ri-mf-Amm.^tiX^^tH£. k'cojz 3=3: 

mm^^x'h-oxi>mm<om^t^j:h. m-^x. m-^ 
^ff)Tyy'-m^imm^itx\,^hm^. mKi-^om^F 
mcr){m^R^^-th:itx\ m'O'^om'fco^^h 
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s^r-^ y\^-yyx<r>%-^^ivLxm>ii-^fifzm.mWiCo 

ryri-X'h^. Z(r>Xo^m^iz-t?>ztTTyT")- 

s ^ t {c J; 0 . jK\'^mmi^x'mwm:i i^^j:<^ 
;loll?tT:^x-^<7)ffi|,-t^S:r7X■73^!aflaoT>' 

fi-izjjbm-t^mMin-ofzbz^. :^%m^i^(omi 
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[00 17] i:j±t:ttib^b. d:<r>Xoiz^£^. 

O ai-r C: i: T^«jft<^^«r«Ii. Sit **-C* . S 
^T7XvS:J^t£-ri>^i:J&''^liBfc=5rS. ^tJ. ^«E»[ 

smt^m^-r^:Lbizx*)^mt^cit^-v^h. « 

tf, «:t)*'f7*7X-v'icPiiiR:?iii>c?)T-, ama^i-Ji^tf 
(7)^MimtiizM-r^tt*no%w.Tt^&t. ryx-? 

mmz^;mm<7)6i^^i)^M.hti^j:<^j:^ . IgUIifei-tt** 

[00 18] JiJl±{4. %-^rr7X-7$r#S/v:Wz, it 

mmr>^\>zi.y)m.'^-fh1fAizr>\.^Xl&^X^fztiK « 
lK»^«M8ca A>iffjili=5rT v-r LaS: i 
fcA^T#-?.. HP^>, 0. 5 (l/«) <La<10 (1 
/a) i:-ri,C:ti=J:oTt. /^^^HMS^Jt^m^ 
IJ:, r5X-7%-ttS-|6l±$-lJ:Sii:3!p-t'ti4. ClfLSr 

[0 0 19] 06tc:S^-rJ:^t=:. T yr-f 6 0 iTjjfiHtc 

{iJ^-xeifcr^xvestJti^SttUTv^^. r^x 

-76 3{4. T>-r-^6 0*^^.*^^r'?iliX7t^affl*T#^t 

^n^WiUZ'ht:. -> X^x. h&^ifh 0 a ;t 
LA^t, r5X-7^S/{;5|^^{cfgi,^;^j^, aigjg 

fi. «?iiftom^*«r5X-7)g^f p ( =00 

( 2 ;r ) ) OTT'S)-?. J: d ^r%&s «-^(4r ^Xvit" 
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6 2Sr^ii6, ^«7)^*6 2(7)^|i@d&l,%;bt^S«g)3l$ 
*<r5XvtMSt=A*fLiti:#tc:, r^XvtfCl:^ 

«f§^*WC'^^V^i»-^<7)3-;l,b'r7X-7i£fK • W& 
W&X\t. < 1 ) ^f^Sitlxr t A*J:<*0^>iirv^S 
(Mi-tt', Michael ALieberman and Allan J. Lichtenb 
erg, "Principles of Plasma Discharge andMaterials 
Processing". John Wiley &; Sons, Inc. 1994 p390) . 

• • • ( 1 ) 

:lz.x\ ctijta. « ( 2 ) 5^T^$ni.r7X-5' 

cnmmmi^nM. « ( = 2 /r f ) ( f t^r v 

n-^-k^m-thwmmm. ) xh s , 

= 1 

- • • (2) 

=5:fc. »^(4ffiS§J5^T*)0s <Wp (=27r f p ) (ST? 
X'7:ftjgja[^Ta&l.. iC:-C\ nJir^X-^^Jg (m 
-3)TS>>). fp (H2)=8.98 nO- s-^jfi 

[0021] J:<7)<J: d tciSffiW^iSIW ( = * ) ^«*:> 

isMt^x. ^Zt *^X'^ ^(nX\ mmizwm^a 

• • • (3) 

a = -Im[<»>/Ic] 

... (4) 

[0022] i:j±cr> ( 1 ) ~ ( 4 ) 3Ee«, m^^tSm- 
tt^^;b=6:«/^IKHT\ M«5^«<7) (4 ) 5»il:«ev>^-r 

xmt'ti-rzmmmLti-mm^^^nk-^mmx' o±<mm 
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SfJSr^Xv-C^V^*!-^, 1 X 1 Oi5(m-3):^^A> 1 X 1 
0 1 6 ( m- 3 ) <0«EHI==^ iZb^'^^K. ht^JK^ ^ifcflK 

jfimtUT. i5tSBE:»3P (Pa) SrffioT, 
(v) 6313x10' 621x10* 



6.40x10 



(5) 



fii&BXi>*3{tT{i^v^. iit s 10. 000 
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1.61x10" 



»r,=l- 



l-7l.54^^jxl0 
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1.26x10 



LC=- 



9.57x10'° + 



1.13x10" / S \ 



(3' ) 



a = -Im 



6.28/ 
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1.26 X 10"^ h 



9.57x10"' +1:1?'* ^0 



l7xl0-'>l 



0. 5 



OOlVIHzi:^^. 

[0025] Bli^'^-Jt J: d fc. l£|ggB*§ La{±. i5c 
c:i:#T't=i.«J:5tc=5rof>:*5. (1' )~(4' )^ 

[ 0 0 2 6 ] ry^-i-ff)wm^^<^^^m^z 

-:>\-^XZM.^<^-)j'A^^l'fztK :L<^^-^-fti.cr>m^x 



• • • (4' ) 

[0024] Wm.'^a L > ^c7)M«^<7)i9^ 

^TSLh, w^^<7mm.<n^isnt:^-h)vx'h^ . mm 

at Lx , mm^m.<^jWi(on'^<^mi-^t^z t i^m 

Z.X. JS^^toaSSlCit LT 0 . 5fgh 1 Ofg<?)igCffl 

LTfec^^ntf^LJt. :L<m%i^^—ubvx . mm. 

Jll?S^C*5l OMHz. S5MHzaV4 OOMHzcO* 
-^t-:>v>Tffi:>3i:Lai:<:oMi^Sr07~9t:*L/i. f* 

(l/«) <lt^«|5<0«§La<10 (1/a) 

• • • (6) 

<^l>fclit!l>— Xl;J;-SX^«;l^^e« (O.A.Popov an 
d V.A. Godyak, J. Appl. Phys. 57. 53(1985) .)*^'::^# 
<^'5. Ty'r-f-bTyX-7b<r)mm'i^bLX^m. 
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(^\f^m\.z-^j:^i)K fciojct^iv^t, i^m^.^'&ffi^ 

We^^^h^B-thh.-iESm<nm.^\,Z\i. Imm 
[0027] mMW'(r>m&ifiTy'r-^±.<r)WkBM^zm 
#i.^>ixS, -r^iJ-Jp. ii^a5<7)^;^tCM-:>T|il-tt@ 

nizr^^xm.mz^-{t?:^x. ^ t . zr^x-Tmsimm 

Ommj:*)i>m<^j:h^Wi'S:<'^^ZtlzJ:-oX. JICO^ 
[0 0 28] tJt. JMLtzXo^z. ryy'i-iZ^'yX 

iWlgpcOitSSr 1 Omm&.TI>zm^LX h^X'h 0 s 

[ O 0 2 9 ] ^rti. ^Sms. «Ss*#:^|Sl(c»;?^SrSE 
«c^i^#Tr5Xv®Jg*>'«<^S i:5 53W*?^JflI$"J■r 
t^t^. C:ntcJ:'5, mii.iim&X'<07'yX-7mSli)<^ 

m.{t^tL. w&izr^-ytzy'px^mmi-m^-^-t 

5. 

[0030] :^%m(OrU-i T^-T-tlzXiUt, ^(DT 
l^'{T>Ti-t:i^tsJ:dt,zx^y'^(7)-ijcmy°yX-7t:m 

m^-^hiitt^T^, ry'ri-^m^xdi.ztxi:m<7) 



<7)y'yX-7^mt^^mtKi:^. ZixizX'l. Mat^^J** 

[003 1 ] ttz, ^^co^^w-mMc^ms.^sx'ii.. 

-riitci^L-c. ^WMxn. Tu^Tyy-i-<r>m 
mii^mi^x'h 0 . ttzmM.iymM.x'hhtiMzj>^m ■ m 
mufi^x'hh. ^■nw^wfi'mizhi>tz 
ib. n^mmzmi<^tm.mi^ii^ o a-r^ t ti<^^iz 

r-f-(DWm\iZryy-i-^WJii o tiZLXZMcoi^tW. 

[0032] ^wn<^y'yX-79m-)5Wii.. 

Ltzryy-trn'^'^^mm. ^ti^ixcoTyr- 

immtii^^t^j:^ xoi,z. Mm<pco^-<7)'p-m±iz 
mmmizmm.LXTu^ry'ri'i:m^L, mri^^r 

m-hy"?x-?9m)jmzii\^x . «:b*&«sg<?)»ii:.*^ 

^HiWiffi^lSO- -:5o^^t$-<i-T-^lc:RI— 
«0«:^j5r*&«L. ^?S^S-1 OMHz— 2GHzi: 

mijmtkmx'm^^ti?>mnmzi(i-rhRm&<o}t 

*>'0. imTfc^r-I.J;dlCitiattSf*:cO:R$S:^46^T 

u^ryy'i-^mm-t^zb^mwib-th. 
[0033] ttiii^ m:^3*&flsgo{it*>'^Wt=s 
S: 1 8 0- ':S-:>mi^-it^-^X-^l,zm-mmL(0^ 
trS^ML. mmmmf (Hz) 5:10MHz~4 00M 
HztL, r^X-ecoiSflim/c: p $rHafSiS«tJS:«E 
:>3P (Pa) bimr>X 

1.61x10" 



->1.54^£jxl0^ 



(m) ^ 

= -210/ xl 0-» Im[,/lc7] 
f^Lfct^tC. H^^ti-SIS^^a (l/m) 

,6^8/ 



flf = -lTn 



1 



1^6x10^ hf — ^1 



K, 1.7x10 'j 

CJ; 0 HUi2ii:^«Je*«0:ft$ La ( m ) 2: 
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0. 5 ( l/a) <La<l 0 (l/o) 

[00 34] -^r, y^^Bm^J^VMHi. ±te*^BBc7) 

[00 35] ^fc. *?&BjCct5l,^-C. Xi^tlit. a =77^ 
[0036] 

^iX<r>—mmh^^ 9 2- |HIttl^r-7';l'8 LT^ 

iSi^iS 7 tig^ L , flliseco^ttiS 1 0 ^K^S 1 

t-.g.JtSr 0 . 1 &CTt-t^i}>Xl± ( 6 ) ^tfimicthJ: 

(smm) (oxo^mmi^s-mm-^tix^^^. 
[00 37] Ty^i-m'^2ii. su s . A 1 m(^mt 

V \ i . -flstcffM t/c t. fiO-C'^ < t ^ J; < . 

2*<^iij^4^«£&^s«R^t:«M • m&ttimmx'h 

[0038] i^mfrsii. jKm^m»-^mi:mwt^J: 

01, zmmLxiji.\>-^i}\ mwmmio-mco^i^mLx 

-2.. IJiJxif, EI2 (a) iZT^LfzJiOlz. m^^li^lQm 

com.mmi,z<oi^m^Lxh^\'\ cimcj:^. f^nssM 

< =5: ^ i ^itfifftcRR^ L T r y^i-(7)-3lztmi^ 

mm^^ifh^bizx^. T>'f••:^«#:^[6]^c^^i-^-Cc^: 
•t^ mmwcnm-^ j; -:> r « , ^m^^fflSPT-^-^ x vs- 

m^m^-th^ti^hh. ^cO^tCJi. 112 (b) 



^, ^l>v>{i, 132 (c) fc^-rJ;-5tc, T^T^i-S^^ 
X , & h^A^m^z^m. Lxh&<. z 
cof^m^zx -^xi^wm.w^ux<r>ryX':!m^f)'^^mt 

tJ: 0 h'r^ryX-^tS^f^^Mz^tX'mMIR^Kh 
i}K mtklT-yxny {mmU) O^O. ImmgJK 

m=¥-t<z-^mzim-tti5mthx\t. mwicnryr^m 

Tt>J;v\ 

[ 0 0 4 0 ] t/^, -^^m<7)mm.mm±. ms^z?^-tx 
dtc, m^7)r>'7^-^Si^2S:S!E^^Ka««s^itl^^Jt/i 

WM-LtzmmtL. ^m<n>nm^zmmm¥i isriea 

■th^b\,zxn. ^w<nm^ m<r>mx\i. e>m ±.x 
n^i,zyvX'7^m^'no^tf)^'^mt^^*) . x)v-r 

-jhi±^\,z±W^:ibi)^Xt^. LA^i, Tl^-^Tv 
x-^i:a*rai©i(i3 0-6 0 mmSJKi:®<T'# 

mm-^mm-t^^bifix'^^. 

[004 13 

iizmmt^ . 0 1 tcWBSjr^p-rfflBgcor^xvMa^a 

0. 5m. 1. Om. 1. bmff)E.W^bL. 

0 M H z . wxmi 1 0 p a tcfcftsRi+m:'] 
com^v^nmzi: h r=7X'?comm-;ii-^commi:n^ 

fz. Cl^^S. 0. 5mT'{i. J!t«€r^®$-lirl.::i:a 
X'^^ip-ot:. 1. Om-C'ti. ifem^-^X-rj&^l&^LJt 

zcr)m<oyyx-7(,z^s Lfzbz^. mm^'P^ni&x 
^^m^t^mi^tifz. -u. 1. 6m£7)r>-r-^Ti5. 

?&tWf <J:t2. JfcffiE^'jSr 2 0 P a i: 

L. mm(r>mmi'^-ofz, z<r>^M. o. smcory-r 

i-Xi>mmt^^LfztiK Rlt*(i^^< 1 0%^®!;t 



<aO) )03-109798 (P20 0 3-1 GDIS 



gi5 {vmzmftzim) <^ryx-?m^*m<^x^ , m. 
W}'^^T^i>m^timhixfz, :L(r>E.-n ( 2 o p a ) -c- 

1. OSt>'l. 6m<5Dr>-r-^{coV^-C{4. Rtm 

[0042] Ui±t^(y. m^-^£^^iXt.cr>Ty7-f-ffm 

. ^ fcInlBtl'S^tiStcSH LT -I. t S;bix 1. 7* 
1 0%mTl::Pi.l.«$lCjM^-r.|.^t ici 0, ^'^X 

^^^z<r>^^vxi.b Lx\>mm)m±.^Lx\^to 
c 0 0 4 3 ] m±toiig«$raic. mmmmis 5 m h 

liffiS) X-Wm^tz. JfcSlc<£fflL/i*';^(i. s i H4 
/H2 = 0. 2<^«-&;«fja^T'3>4. W>fc:. ^T^-f-^ 
STl::^ LT nmiX-n^h^miik LfztK 04 tci^ t/c 
J: dec. lUPi^^ii{4^^^lclH.^i,<0T*)-5/i. <XC, # 
Ty7^r^^^^0^afflS: 18 0- -fo-T'^ L./i«®-e^ 

2~3Pa£OjfcmJE:^<?3WOMff«l^— tttiSWi: 

tm~x'h'>x^,, WMmm^-i:TWt:it\i. m.m.u 
[0044] m.mM<r)-g:^ i . e mc^Dri'-^ rv 

•r-fSrfflV^T. JfcmBE:bO. l-l 0 0 OPacO^HT' 
tz. 5tf. TV-x^SrSBtSf -g-DliMI^ISt^n OMHz 

SlSiXst. ^(Om^X-ii. 1 0 0 P aOT<?3E:'3T<4 
tWM.t^^Lrzt/'iz<DEJ)mmri:imW3^iz^ < ?S 

[ 0 0 4 5 ] EbiiJgj^^^itS 5 mh zco*|-^{c-pv> 
T:#^-r.&. C:<50*^, [S18c7):?-7 7tCj;.|.t 1 . 6m 
OSJfcgPcO^Sti , 1 — 1 0 0 P ac;)S:^®JST0 . 5 



( 1 /« ) h 1 0 ( 1 /or ) tcoraf^asL, Ks*m^3 
< . ryy'i-cT^-^mzR'^ xMm*^!Kt^^x-s>^ 

h-^tz. 0. 1~0. e.PaTJi:. :«£«**4:ieL^r*»o 

fz, #c2~3Pa#je-c'{iRimt>/jN$<, mmmm 

izi^hy'yX-?<7)m~iii>!^KfX'hr>tz, lO-HSlO 

■otztiK Ztili. mM.&J^j:TyTi-m^^-r^'tzk^x. 

hixh. ^a. mmib^±mx-^^j:*'':>fzi±:fjmm.'i>i. 

[0046] mmm^WL^4 O O mh z fcLfc:®^iC-0 
^-^XmPMi-^. m9ff)i^yyi,zXixiS\ 10PagJg<?5 
S^X'li. Ty'ri-<7)m.m^<^^^t^ ( 1/a ) coi 0 

lOPa-ftiScDjScmffSJ^i^-C' 
CcoJ: d^r^^A^H'^^nTt*^ m^^-M(M&MmX'li. 

0. 5 il/a) <mMU<D9:^l.a.<lQ ( 1/a) 
cO«Effll*l<7)«^^S^-ri.ii:t\ ^&J4/h$<=3r 

[0047] JJLhcOlBj^-C^J-s&^^aO . J^WtcJi. J« 

^ - A>'^'ft;-r 2. c: h X'Wm.<7>T yy-tmmmz 
^ift^^Uim<. ^^(>*^miLfz^'<y:>t—^m 

[00481 :^WMcOUmim\'^XTl^^ Ti^T"?- 
ffllt»Bii5-lS®Lt:. a-Si*limjfeS-sSf^L>t. Z 

[0049] 

nmyfmti^^^ti^ , ttz. ±mm.m^^m.-t^rz)b 
mEm^j:±i^mM<^mmiz±^ < ^^-s . 

[HI ] :^^m<^t!cmm<7)-m&m^^^tm:bmm 
mx'hh, 

imA^i i^m^mtmm^m(^rm^7f:-r^yyx'h 
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#)■?.. 

[07] mmmmm. i o m h z itzmft ryf^^ t e 
s^ic^Mfs 2:^-r :? -cab ■& . 

1 

3 ism. 



4 
5 



6 . SmP, 



7 

8 
9 

1 0 
1 1 
1 2 
60 
6 1 
62 
6 3 
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•I » ttS M 
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